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DESCRIPTION OF PROBLEM
The use of synthetic (Met sources) and crystalline (l-Lys sources and l-Thr) amino acids (AA) in broiler feeds is well established as successfully meeting the needs of the first-limiting AA for poultry. As AA follow in the limiting order of deficiency, the fourth-limiting AA becomes more sensitive to the overall allowances of AA in macroingredients. For instance, corn and soybean meal all-vegetable diets, diets containing animal by-products, or even diets with other cereals, such as sorghum, have Val, Ile, Trp, or Arg as the fourth limiting AA [1] . However, actual deficiencies of the fourth limiting AA in broiler diets are usually not seen in practical production, even when frequent modifications in feed formulation potentially change the dietary AA profile. This is due to CP safety margins adopted during linear least-cost feed formulation, which limits the occurrence of AA deficiencies after Thr.
The use of ratios between essential AA and Lys has gained importance as a method to supply balanced protein in feeds for broilers. Diets formulated using this principle have been proposed by scientists to optimize animal utilization of dietary protein [2] [3] [4] . A progressive number of investigations have been directed toward establishing the ideal ratios between essential AA and Lys; however, information is limited on the fourth limiting AA.
The use of synthetic AA has allowed a significant reduction in the dietary CP content for broilers. Further reductions are theoretically possible as long as the fourth limiting AA is routinely identified as ingredients change during feed formulation.
Isoleucine and Val in broiler feeds were optimized at the ratios to Lys of 65 and 78% when corn and soybean meal diets containing blood cells or corn and peanut meal were used [5, 6] . The use of all-vegetable diets to feed animals destined for human consumption has been mandatory in some countries for several years [7] . A considerable number of all-vegetable broiler diets produced worldwide are corn-and soybean meal-based diets. These types of diets have Val and Ile as fourth-and fifth limiting AA [1, 8, 9] . However, differences between the supplemental needs of these AA are very small. Because Val and Ile are branched-chain AA, which present a known antagonism in broilers, excesses of one can negatively affect the other and can potentially occur if requirements of both are not assessed simultaneously. The objective of this investigation was to evaluate the performance and carcass yields of broilers fed all-vegetable diets based on corn and soybean meal supplemented with Val and Ile, individually or combined, simulating the most common practical feed formulation currently used for international markets requiring all-vegetable feeds.
MATERIALS AND METHODS

Broiler Husbandry
All procedures adopted throughout this study avoided unnecessary animal discomfort and were managed according to the directives of the Ethics and Research Committee of the Universidade Federal do Rio Grande do Sul, Porto Alegre, Brazil.
A total of 1,575 one-day-old Cobb × Cobb 500 male broiler chicks originating from a local hatchery [10] were placed in 63 pens, 1.70 × 1.65 m each. This broiler density was not expected to restrain bird growth and therefore allowed the expression of broiler genetic potential. Chicks averaged 45 ± 1 g and had been vaccinated for infectious bronchitis and Marek's disease at the hatchery. Average house temperature was 32°C at placement and was reduced with age to provide comfort throughout the study. Lighting was continuous until 10 d of age, after which a 12L:12D cycle was used in which natural light provided the 12 h of light. This is a common lighting program used with fast-growing male broilers in the south of Brazil. Water and feed were provided for ad libitum consumption. All birds were fed the same commercial crumbled starter diet from 1 to 14 d (3,000 kcal/kg of ME; 23.3% CP; 1.27, 1.07, 0.82, 0.93, and 0.87% digestible Lys, Met + Cys, Thr, Val, and Ile, respectively; 1% Ca; 0.5% available P). Before feed formulation, analyses of AA were conducted for corn and soybean meal using an HPLC autoanalyzer according to AOAC official method 914.12 [11] and a near-infrared spectroscopy system [12] for Cys and Trp determination. Diets were formulated on a true digestibility basis by using published coefficients [4] .
Experimental Diets
Diet treatments were fed from 14 to 35 d of age. A basal diet was formulated to attain the lowest digestible Ile-to-Lys ratio (65%) without a CP minimum value restriction and also without synthetic AA supplementation other than dlMet, l-Lys, and l-Thr. Digestible Lys was fixed at 1.10%, and ratios between essential AA and digestible Lys were as shown in Table 1 . These ratios were based on the method of Rostagno et al. [4] , with the exception of Met + Cys, which was based on the University of Illinois recommendation [2] . Through this feed formulation, ratios of Val and Ile to Lys of 70 and 65% were obtained, whereas all other essential AA requirements met or exceeded recommendations [4] . Six other treatments were then produced with graded increases of 5 and 3 percentage points in the ratios of Val and Ile to Lys, respectively. These 2 AA were increased individually or simultaneously using l-Val and l-Ile at the expense of kaolin [13] , as formulated in the basal feed. Therefore, supplementation of Val and Ile produced treatments with simultaneous ratios of Val and Ile to Lys of 75 and 65%, 80 and 65%, 70 and 68%, 70 and 71%, 75 and 68%, and 80 and 71%, respectively.
Measurements
Feed intake, BW gain, and feed conversion corrected for the weight of dead birds were evaluated weekly. At 35 d of age, 10 birds per pen were randomly taken from each pen after an 8-h fast, and then were individually weighed, electrically stunned, exsanguinated (3 min) through a jugular vein cut, scalded at 60°C for 45 s, and defeathered. Birds were manually eviscerated and then chilled in slush ice for 3 h and hung for 3 min to draw off excess water. Carcasses were then weighed and abdominal fat was removed and weighed. Commercial cuts were performed by trained industry personnel to obtain deboned breast meat and bone-in thighs, drumsticks, wings, and cages, which were immediately weighed. Carcass yield was expressed relatively to live weight, whereas abdominal fat and cuts were expressed relatively to carcass weight.
Statistical Analyses
Seven treatments with 9 replications were distributed in a randomized complete block design. The experimental unit was a pen with 25 birds, and pen location was the blocking factor. Data were submitted to ANOVA using the GLM procedure of SAS [14] . Significance was accepted at the P ≤ 0.05 level, and mean differences were separated using Tukey's test. Mortality data were arcsine transformed before statistical analysis. 3 True digestibility coefficients as presented in the Brazilian tables [4] , which were determined using cecectomized cockerels and protein-free diets.
RESULTS AND DISCUSSION
Slight deviations were observed between analyzed and formulated AA concentrations in the feeds, but these were considered acceptable for the experimental design because the analyzed values followed the trends in the formulated values (Table 2) .
There was no effect of diet on feed consumption (Table 3) . Broilers fed the basal diet containing 65 and 70% Ile-and Val-to-Lys ratios had the lowest BW gain, but this BW gain was different only from the BW gain of birds fed the 68 and 75% Ile and Val ratios in the 14 to 21 d of age period. Between 21 and 28 d of age, broilers fed the basal diet had the lowest BW gain compared with all other treatments, but no differences in BW gain were observed between 28 and 35 d of age. Based on cumulative BW gain (14 to 35 d), when l-Val and l-Ile were added separately (diets containing either 75 and 65% or 70 and 68% Val and Ile ratios), broiler BW gain was higher compared with that of birds fed the basal diet.
The ability to convert feed to BW gain was improved in broilers fed the diets containing either the 75 and 65% or 75 and 68% Val-and Ile-to-Lys ratios compared with that of birds fed the diet containing the 70 and 71% Val-and Ileto-Lys ratios. All other diets resulted in intermediate feed conversions. No differences in feed conversion were seen in the 21 to 28 d of age or the 28 to 35 d of age period or in the cumulative (14 to 35 d) feed conversion.
No differences were due to treatment for carcass evaluation at 35 d (Table 4) . Feather abnormalities were not observed, and leg problems were not related to the treatments (P > 0.05).
Based on these data, we conclude that supplemental Val or Ile at specific ratios affected BW gain and feed conversion in certain growth phases, but no effects were observed on body component yields or abdominal fat percentages at processing. When determining AA requirements for different measurements, those for maximal growth are the lowest, followed by those for breast meat yield and feed conversion, and fi- nally are highest for minimizing abdominal fat percentage [15] . The order of response may, however, be dependent on the specific AA being studied, as shown by Schutte and Pack [16] with sulfur-containing AA. In contrast with previous work [15] , in the present study, BW gain was the measure affected the most, whereas body component yields were not affected by diet. In the present study, supplementing Val or Ile individually was similar and was not additive on BW gain or feed conversion.
Valine was shown previously to be limiting before Ile in diets based on corn and soybean meal without animal by-products [6, 8, 9] . It is generally expected that increases in 1 essential AA lead to an increased need for the next limiting essential AA to avoid animal protein synthesis limitations and decreased growth. In the present study, Val could have been limiting when Ile was increased, which would explain the impaired feed conversion from 14 to 21 d when 70 and 71% Val-and Ile-to-Lys digestibility ratios were used. Because Val and Ile are branchedchain AA, which present a known antagonism in broilers, an excess of 1 AA can negatively affect the needs of the other [17] [18] [19] . In the case of Val and Ile in corn and soybean meal all-vegetable diets, this issue could be relevant because these AA have a very close limiting order; that is, they appear as fourth and fifth limiting at approximately the same dietary protein level. However, in the present study, we did not observe any evidence of negative interactions between Val and Ile within the range of supplemental values. Abnormalities of the legs and feathers have been reported when broilers were fed Val-deficient diets [20] [21] [22] [23] , but these appeared in studies in which deficiencies were more severe.
Previous results or recommendations for Val and Ile ratios to Lys for broilers have been based on diets formulated with a varied range of ingredients, and frequently with diets using individual supplementation of Val or Ile. In the present study, individual supplementation of these 2 AA was evaluated, as well as their concomitant supplementation. The interactions between these 2 branched-chain AA make interpretation more difficult. 
